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A hstrmi

TIIe lhwp  LVpace Network (1).$’h)  iv operated by the Jrt l’ropul.sitw  I.ahnrafory  (J1’I.) o f  the
(~al~ortlia  Itntilate of Tkchtm[ogvfor  the Na!imal  Aeronautics and ,Vj~ace Atlt~titti.vtrlltit~tl (NA,VA).
Tile Ireqttcucy  and Titniug  ,f’jtsleol  (11$) of the lLVA’ as it e.ri.vted hrfore  the Ca.wit)i  progratti
easily  ttmt the rcquireumts  for all the AIA.VA  deep space ttli.wiotts. 1 Itc.w rcqairetueut.s att d the
pcrfhtuance of the presctlt  D.VN FIX  arc giww. 111P  requircmctit.s of the Cassitti Radio ,Vcience
tnpcritttcttt.s are greater thatl that ofthc pre.wwt per~orulitticc OS tit e D.VA1 1’1:$ 1 IICSC requireulctlt.s
a r c  giwtt ami  lbe s e r i o u s  chauges that are  being itnpletmwted  ill the IAW to ttwet  these
requirettt  ettt.s are giveu, av well as the e.xpectcd  cttange.s iu the l).f’hr  11X perfortuatt  ce to tttect
t h e s e  requiretttettl.s.  71te.se chattges i n c l u d e  ttew frequctwy  staudardv (1.itlear  Iott l)ap with
Crvogetlic  local Oscillator), itwroved  lotl~ tcrttl stahilily  (X7ahilized  Fiber Optic l)i.~trihutiott for. . .
the rtwote auteuuas), attd ‘itup;owd  sltor~  term stahilif~l’ (1.-llattd
Cleatbup  I.oops$or  the remote sites.)

IN’1RO1IUCI’1ON

The Deep Space Network (DSN) is a global  navigation, tracking,

Fiber Op;ic Di.strihfitiotl with

and data collccticm  nctwrk with
stations in Tidbinbilla,  Australia; Roblcdo,  Spain; and Goldstonc, California. h is operated for the
National Aeronautics and Space Administrate ion (NASA) by the Jet Propulsion laboratory (JP1 ,),
California lnstitutc  of Technology.

Sonic improvements to the }~rcqucncy and Timing Systcm  (17’1”S)  of the Deep Space Network
(DSN) arc ncccssary  to meet the rcquircmcnts  of the Cassini project for the Radio Scicncc portion
of the mission. The Cassini rcquimncnts  on the FTS atc shown in Figure 1.

The stations in Spain and Australia arc all collocated, while some of the ones at Goldstone arc
remotely located (as far as 27 km from the central group of collocated antennas). The collocated
stations have had some rcccnt  improvements (fiber optic distribution to the various collocated
antennas to rcducc the diurnal and air-conditioning induced phase variations, 100 M t 17, dist ribut ion
to improve phase noise) and meet the Cassini rcquircmcnls.

Figure 2 shows the Goldstonc complex, Onc of the stations which will bc used for the Cassini
Radio Scicncc Iixpcrimcnts  is the Ilccp Space Station 25 (11SS 25). It is located 17 km from the
W’S ccntcr. The frequency distribution to this station is shown on the figure. This distribution uscs
single-mode fiber optic cable that is 1,5 m underground in order to rcducc the tctnpcraturc
variations and resulting delay, or phase, variations. 1 lmvcvcr,  there arc six access vaults where the
cables arc spliced or diverted to other locations. ~’hcsc vaults arc concrctc  with steel covers and act
as ovens. Where the cables arc brought out of the ground to enter the buildings arc also locations of
large tcmpcraturc Varii~tiOnS. The portion of the cables inside the buildings is subjcctcd to
tcmpcraturc  variations duc to the cycling of the air-conditioning systems. All these causes result in
diurnal and short-term (5 miautc  to 20 minute) tcmpcraturc  changes and resulting phase changes.

1 ‘l%is work rcprcsms OIIC phase of research carried out al lhc .Ic1 Propulsion 1.abomtory,  California
lns(itutc  of Technology, under a contract spoasorcd by the Nalional Acmnautics  and Space
Administration.
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These arc not large enough to affect normal tracking, navigation, or data acquisition, but the
C2wsini  rcquircmnts  arc more stringent, especially fot- the Ku-band rcccption at the rcnmtc site
1)SS 25. The phase noise pcrfonnancc of the existing fiber optic link to DSS 25 ctocs dcgr.adc  the
frequency standard performance somewhat, so that has to bc improved also,

STAII1l.lZATION OF ‘1’IIE LINK AGAINST TIIERMA1, VAR1ATIONS

A systcm has been dcwlopcd which senses the delay WIriat  ions in the link and controls the
tcmpcraturc  of a section of fiber which is installed in series with the link in order to keep the total
delay constant..

IM1’ROVEMENT OF I’IIE 1}1 lASN NOISE

Tlw phase noise contributed by the fiber optic link cicgradcs  the performance of the frequency
standards that , in this case, consist of a cryogenic oscillator (for short term stability) and a trapped
ion frequency standard (for long term stability). The fiber optic link has an inherent phase noise of -
130 d[lcfl  17, indcpcndcnt of frequency over at least several G1 17,,  The normal operation of the fiber
optic distribution uscs 100 Ml Jz. In order to improve the performance by 2.0 all}, this special
distribution systcm  uscs 1 GI lz. for frequency distribution, The block diagram of Figure 3 shows the
combination of the two above improvements.

SYSTEM I) ICSCR]PTION

III ligurc 3, the 100 Mt 17, rcfcrcncc  signal gcncratcd in the Signal  Processing Center (1}SS 10) is
multiplied by 10 to 1 G] Iz, ‘l-his modulates the 1310 nm laser. 2’J)c laser signal is sent through the 4
km delay line and then through the buried fiber optic cab]c to 11SS 25. At 1)SS 2S, the optical
signal is dctcctcd  and a phase locked loop is lock to it, ‘1’his  phase locked loop is based on a 100
M} IZ VCXO and a times 10 multiplier. I’hc 100 MHz is used for frequency distribution in 11SS 25.
It is also used to modulate the 1 G117 signal, generating the two side-bands on either side of the 1
(;1 IZ carrier, 3’I]c 1 G] IZ carrier is suppressed with a notch filter. ~-his sig,nal  then modulates a 1310
nm optical carrier which is sent back to DSS 10 over the same fiber. At 11SS 10 the signal also
passes through the optical delay line and is dctcctcd.  It is then down-convcrkxt to base-banct and
phase dctcctcd  with 100 Ml lx to produce a signal that is proportional to the sine of the phase
delay. It then is filtered to produce the correct dynamic performance and is used to drive the
tcn]pcraturc  control electronics that controls the tcmpcraturc of the optical delay line by means
Pclticr  coolers to hold the phase delay constant.

An cxpcrimcntal  breadboard of this systcm has been built ancl tested in the laboratory. ‘1 ‘hc systcm
rcduccs the Allan  Dcvation duc to tcmpcraturc variations by - 30 t imcs, enough to sat isfj  the
Cassini rcquircmcnts.  The phase noise contribution is rcduccd by the theoretical amount, 30 dt3, to
make the contribution duc to tbc fiber optic link negligible compared to the frequency standards and
able to meet the C.assini  rcquircmcnts.
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